. However, reefs globally are facing unprecedented pressures 3 . During the past three decades, the GBR has also been severely impacted by the combined effects of climate change, crown of thorns starfish outbreaks, coral disease, overfishing and declining water quality [3] [4] [5] .
Back-to-back bleaching events were experienced in 2016 and 2017 on the GBR, resulting in over 80% mortality of corals in some regions and an estimated loss of 29% of corals across the GBR system 3, 6 . In addition to global pressures related to climate change, coral reefs are also affected at local scales 7 . For example, the GBR is locally affected by the run-off from 35 river basins, draining an area of over 424 000 km 2 8 . 3, 5 . One aspect that is poorly understood yet fundamental to coral reef functioning and ecosystem resilience is the contribution of microorganisms. Here we highlight that incorporating microbial based monitoring approaches into coral reef management initiatives will increase our understanding of reef ecosystem health and inform potential options for increasing reef resilience ( Figure 1 ).
Importance of microbes in coral reefs
Microorganisms play an essential role in coral reef ecosystem processes and form diverse symbiotic relationships with benthos-dominating macro-organisms such as corals, sponges and algae [10] [11] [12] ( Figure 2 ). The functional role of microbes in coral reefs include biochemical cycling of nutrients, degradation and remineralisation, host nutrition, vitamin synthesis, production of secondary metabolites and host defence via the production of antimicrobial peptides 10, 11 . Microbes often form specific and stable associations with their host species 13 and can assist them to acclimate to the prevailing environmental conditions 14, 15 .
Environmental variations, such as seasonal run-off or anthropogenic-induced fluctuations in water quality are known to alter the composition and function of the reef microbiome 16, 17 . Numerous . Establishing microbial baselines that characterise the temporal and spatial microbial dynamics in coral reefs is urgently needed to underpin rapid and sensitive assessments of declining Figure 1 . Implemented management strategies under Australia's Reef 2050 Long-Term Sustainability Plan are guided by an integrated monitoring approach including 1) large scale aerial surveys, 2) mooring systems and weather stations that provide data on surface (e.g. wind, precipitation, barometric pressure, temperature) and subsurface conditions (e.g. temperature, conductivity, chlorophyll fluorescence, turbidity, oxygen, light transmission and photosynthetically active radiation), 3) assessment of coral cover, coral recruitment, coral community composition and coral-macroalgae ratios on a reef, 4) comprehensive water quality assessments and screening for pesticide concentrations and 5) near surface concentration measurements of chlorophyll a and total suspended solids based on remote sensing technologies. Currently, this integrated monitoring framework lacks a microbial approach and hence, excludes a considerable part of the coral reef biodiversity.
reef health and make predictions about the consequences of future environmental changes 10, 22 .
Australia's initiatives to establish microbial baselines 
Microbes as indicators of coral reef health
Indicator organisms are used to effectively monitor habitat conditions and environmental changes 24 . Biological indicators are a wellestablished monitoring tool for estuarine and freshwater ecosystems 25, 26 and also find application in coral reef ecosystems 27 . In the context of public health, microorganisms are extensively used as indicators to monitor drinking water supplies and the quality of recreational waters in order to prevent gastrointestinal illnesses 28, 29 . Furthermore, recent advances in human microbiome research have led to an increase of microbial based diagnostic and In Focus therapeutic approaches 30 . Despite the emerging predictive power of the microbiome in human disease diagnostics 30, 31 , the use of microorganisms as sensitive indicators of environmental stress in coral reef ecosystems or as predictive markers for water quality in marine systems has remained relatively unexplored 10, 22 . Microbialisation scores are among the few attempts to monitor coral reef ecosystem declines based on the metabolic rates of microbial communities and reef-associated fishes 
Conclusion
The important role of microbes in coral reef ecosystem functioning and their contribution to the resistance and resilience of coral reefs has become widely accepted 20, 22 . However, although Australia is at the forefront of coral reef studies and coral reef monitoring operations, to date, microbes have not been considered in large-scale monitoring approaches. The past few years have seen increased interest in understanding microbial dynamics in Australia's ecosystems, which has led to holistic sampling efforts to establish the first microbial baselines for soils and marine environments. We argue that the establishment and ongoing assessment of such microbial baselines will be crucial to understanding microbial dynamics in response to broad ranging anthropogenic impacts.
The inclusion of microbial monitoring approaches alongside our current coral reef monitoring framework will improve our ability to rapidly detect changes occurring in Australian coral reefs resulting in improved protection and management of these ecologically and economically unique ecosystems.
healthy coral reef ecosystem degraded coral reef ecosystem Figure 3 . Coral reef ecosystems are increasingly affected by the intensification of environmental pressures emerging from land-use changes, overfishing, crown-of-thorns starfish outbreaks, coral diseases and climate change. Degradation of coral reefs and a shift from coral to macroalgae dominated benthic communities (from left to right) has been observed globally. As the health of the coral reef ecosystem changes, microorganisms rapidly respond. The microbiome of healthy reefs is dominated by beneficial and symbiotic microbes (blue), but as ecosystem health declines the microbiome shifts to an unbeneficial community, dominated by pathogens and opportunists (red).
In Focus In both positions Nicole uses experimental and field-based ecological research to explore multiple facets of coral reef microbiology and symbiosis.
